In this article, we successfully designed and synthesized a novel chemosensor PW bearing rhodamine B hydrazide and 8-formyl-7-hydroxyl-4-methylcoumarin, which displayed both colorimetric and "turn-on" fluorescence responses for CN 
Introduction
In recent years, the design and exploration of articial sensors for recognizing cations and anions have received immense interest due to their important roles in biological, environmental, and industrial processes. [1] [2] [3] [4] It is well known that CN À is considered as the most hazardous one of various anions, and it is lethal to humans at concentrations of 0.5-3.5 mg kg À1 body weight. [5] [6] [7] However, trace amounts of CN À also affect many functions such as blood vessels, visual sense, central nervous, heart and metabolic systems [8] [9] [10] [11] in the human body. The World Health Organization (WHO) has set the maximum acceptable amount of 1.9 mM for cyanide ion in drinking water.
12,13
However, cyanide salts are widely utilized in various industries such as gold extraction, synthetic bers, electroplating, and metallurgy etc., [14] [15] [16] which lead to a serious harm to environment and human health. Thus, the rational design and synthesis of efficient sensors to selectively recognize CN À is signicantly important.
In the past few decades, a variety of analytical methods such as ion chromatography, potentiometric, titrimetric and electrochemical methods [17] [18] [19] [20] have been reported for the investigation of CN À . However, those methods usually suffer from a series of shortages like high cost, long response time, sophisticated equipment and so on, which are serious stumbling blocks to its practical application. [21] [22] [23] In contrast, uo-rometric and colorimetric sensors have gained more attention due to low cost, simplicity, high selectivity, sensitivity and fast response.
24
Our research group has a longstanding interest in molecular recognition.
25-39 Herein, we designed a novel chemosensor PW based on rhodamine B hydrazide derivatives, which showed a dual-channel response for CN
To the best of our knowledge, 29-33 most of sensors based on rhodamine B derivatives were mainly utilized on the recognition of metal ions, and were rarely reported for the recognition of anions, especially for CN À . Furthermore, we found that sensors based on rhodamine B derivatives usually recognized metal ions by opening rings, however, the sensor PW recognized CN À by deprotonation process, and the ring had no any change in PW. In addition, the reason for the introduction of rhodamine B is owe to its good water solubility and strong uorescence, which makes clearer for recognition of CN À in real sample. On account for these advantages, we believe that the sensor PW shows great promise for its potential applications.
Experimental

Reagents and apparatus
All reagents and solvents were obtained from the commercial sources without further purication. Double-distilled water was used throughout the experiment. . Melting points were measured on an X-4 digital melting point apparatus that was uncorrected. Fluorescence spectra were performed using a Shimadzu RF-5301 uorescence spectrophotometer. UV-Vis absorption spectra were measured on a Shimadzu UV-2550 spectrometer. ESI-MS was measured on an Agilent 1100 LC-MSD-Trap-VL system.
Synthesis of 8-formyl-7-hydroxyl-4-methylcoumarin
4-Methylumbelliferone (10 g, 0.057 mol) and methenamine (20 g, 0.143 mol) were mixed in acetic acid (75 ml), and reuxed for 5.5 h at 95 C, then added 150 ml hydrochloric acid (HCl/H 2 O, v/v ¼ 84 : 100) and continued to stir for 0.5 h. Cooling to room temperature, poured the reaction solution to 750 ml distilled water and used acetic ether (300 ml) to extract, aer-wards, the acetic ether was washed two times with saturated salt water, and the extract was evaporated to dry, nally, the extractive was recrystallized with EtOH to obtain yellow granular compound in 13%, mp: 179-181 C.
Synthesis of intermediate rhodamine B hydrazide
Intermediate rhodamine B hydrazide was prepared by one step condensation reux reaction of rhodamine B (0.96 g, 2 mmol)
The synthesis process of PW. Fig. 1 Single-crystal X-ray structure of sensor PW. and hydrazine hydrate (1 ml, 0.02 mol) in methanol (30 ml), the reaction was stirred for 3 h at 65 C, aer cooling to room temperature, adjusting pH to 8-9, which emerged lots of pale pink precipitate, then ltrated and washed three times with distilled water to obtain light pink compound in 81% yield, mp: 215-217 C.
Synthesis of PW
Rhodamine B hydrazide (0.46 g, 1 mmol) and 8-formyl-7-hydroxyl-4-methylcoumarin (0.25 g, 1.2 mol) were reuxed for 6 h in DMF (20 ml) at 85 C, aer cooling to room temperature, the precipitate was ltrated and recrystallized with DMF-H 2 O to get light brown compound in 62% yield. As shown in Scheme 1 mp > 300 C. 1 sensor PW was further conrmed by single-crystal X-ray diffraction (Fig. 1 ).
Results and discussion
The anion-sensing abilities of PW were investigated by UV-Vis spectroscopy and uorescence spectroscopy in DMSO/H 2 O ( ) were investigated by UV-Vis spectroscopy and uorescence spectroscopy. Results suggested that PW solutions with various anions didn't induce distinct spectrum changes in absence of CN À , however, upon addition of CN À , as shown in Fig. 4 , all solutions showed obviously spectrum changes, which indicated that sensor PW had an excellent selectivity for CN À over other anions no matter in UV-Vis spectroscopy and uorescence spectroscopy. Furthermore, we calculated the quantum yields of PW and PW + CN À by measuring respectively the UV-Vis absorption spectra and the uorescent spectra and the reference compound. The quantum yields were calculated using the following equation: Fig. 5a , along with the increasing amount of CN À from 0 equiv. to 23 equiv., the absorption band at 320 nm decreased while the absorption band at 380 nm increased. At the same time, the well-dened isosbestic point appeared at 358 nm, which clearly indicated an interconversion into single discrete chemical species during the titration process. Fig. 5b showed the emission spectrum changes on addition of CN À , when excited at 320 nm, the emission intensity at 512 nm of sensor PW enhanced 11-fold on changing the concentration of CN À from 0 equiv. to 37.5 equiv.
Furthermore, the uorescence detection limits of PW towards CN À based on 3S B /S (where S B is the standard deviation of the blank solution and S is the slope of the calibration curve) was down to 1.592 Â 10 À7 M (Fig. 6) , which indicated that PW could detect low concentration of CN À in practical application.
The association constants (K a ) were determined based on the uorescent titration curve using the equation as follows: where F 1 and F 0 respectively represent the uorescent intensity of host in the presence and absence of ions, F max is the saturated intensity of host in the presence of excess amounts of ions; [C] is the concentration of ions added.
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According for formula above, as shown in Fig. 7 , the acid reaction equilibrium constant (K a ) is 2.67 Â 10 7 , and pK a ¼ 6.52.
Since pH may affect the charge distribution of PW and change its inherent uorescence properties, the impact of pH on PW was studied by uorescence spectroscopy. As shown in Fig. S1 , † sensor PW showed a signicant uorescence response for CN À within the basic pH range from 7.0 and 9.0, indicating clearly that pH had a signicant inuence on the recognition of CN À .
The reversibility of sensor PW was measured by alternating addition of H + and CN
solution. As shown in Fig. 8 , upon addition of H + to the PW-CN À system, the uorescence intensity clearly showed "OFF"
behavior through the regeneration of PW. On further addition of CN À , the uorescence intensity showed "ON" through the deprotonation of PW. This indicated that sensor PW showed an excellent reversibility for CN À ions, and the "OFF-ON-OFF" switching process could be repeated more than seven times without larger uorescence loss.
To conrm the binding stoichiometry between PW and CN À , the method of continuous variations was used as shown in Fig. 9 . A job plot was implemented, as we expected, the results demonstrated that a stoichiometry for PW-CN À was 1 : 1.
The recognition mechanism of sensor PW towards CN À based on the deprotonation of hydroxyl was nally investigated by 1 H NMR titration and mass spectrometry. As shown in Fig. 10 , sensor PW showed two strong peaks at 11.74 ppm and 9.49 ppm in DMSO-d 6 , which correspond to the proton of -OH and N]CH, upon the addition of 2.5 equiv. CN À , the -OH peak at 11.74 ppm disappeared, which indicated that CN À took the protons of -OH due to strong acid was readily deprotonated when basic ions existed, furthermore, we found that the peak of N]CH gradually decreased and showed upeld shi, which indicated that the deprotonation of hydroxyl made sensor PW shielded by the increase of electron density through charge delocalization in the conjugated system. Aerwards, addition of 3.0 equiv. H + to the above system, we found that there appeared two new peaks at 11.74 ppm and 9.49 ppm, which can be attributed to the -NH and -OH. ESI-MS also gave a strong support for the mechanism of PW towards CN À , as shown in Fig. S3 (Fig. S4 †) , which indicated that PW did undergo deprotonation process. Further analysis of the mechanism of PW with CN À , we performed DFT calculations done at the B3LYP/6-311g (2d, p) level of theory. 34 As shown in Fig. 11 , the HOMO-LUMO energy band gap of PW and PW-CN À system were respectively 0.12792 a.u. and 0.10447 a.u. Obviously, the HOMO-LUMO energy band gap of PW was higher than the PW-CN À system, which showed the reaction could occur in dynamics. Furthermore, we could observe that the electron cloud density of the HOMO levels of PW are almost localized on the ring of rhodamine B, upon interaction with CN À , the electron cloud of the HOMO levels of PW shied the ring of coumarin, which clearly indicated that the addition of CN À made sensor PW occur intramolecular charge transfer (ICT). This deprotonation caused an obvious change in absorption spectra, and the uorescence enhancement at 512 nm was possibly caused by a large charge separation resulting in a strong intramolecular charge transfer (ICT) in PW, simultaneously, we also conrmed that the stoichiometry of PW-CN À was 1 : 1. Based on the above ndings, we proposed that a possible interaction mechanism between PW and CN À in this system which may proceed through the route depicted in Scheme 2.
To facilitate the use of PW for the detection of cyanide in practical application, test strips were prepared by immersing lter papers into the DMSO solution of PW (0.01 M) and then drying in air. As shown in Fig. 12 , interestingly, the color of test strip changed from bisque to dark yellow under visible light, and changed from ecru to green under UV lamp. This clearly indicated that test strips containing PW could act as a practical colorimetric tool to detect CN À .
To further investigate the practical application of sensor PW in our lives, we utilized it to detect CN À in the bitter almond. 25 g of crushed bitter almond were put into a round ask containing 100 ml of water and 0.5 g of NaOH, the mixture solution was stirred for 20 min before ltrating. Then the ltrate was adjusted to pH ¼ 9 with fresh double water, and the solution (2.0 ml) was added to the solution of PW (0.5 ml, 1.0 Â 10 À5 M), we found that the uorescence intensity of PW remarkably enhanced, which clearly indicated that PW could be applied successfully for detecting CN À in bitter almond (Fig. 13 ).
To further show excellent properties of PW, we also compared detection limits, solvent medium, and applications of reported sensors with compound PW, as shown in Table S1 . †
Conclusion
In summary, we have designed and synthesized a novel chemosensor PW, which showed a dual-channel response for CN than seven times without a large uorescence loss. Moreover, the detection limit on uorescence response of the sensor PW to CN À was down to 1.592 Â 10 À7 M by titration method, which is lower than the maximum level of 1.9 Â 10 À6 M for cyanide in drinking water according to WHO guidelines. Notably, the simple and efficient sensor PW was successfully used to the qualitative detection of cyanide in bitter almond. Test trips based on sensor PW were fabricated and could serve as a practical colorimetric tool to detect CN À in eld measurements. On account of those advantages, we believe that PW as a CN À sensor makes it more conspicuous for its potential application.
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